The abundances of molecules and ions depend on the mechanisms of their formation and destruction that can occur both in the gas phase and in the condensed phase on grain surfaces. Photodesorption of grain surface species may explain the relative high abundances of gaseous neutral or ionic species detected in cold environments. X-ray photons from young stars are able to penetrate cold and dense regions inside protoplanetary discs, leading to molecular dissociation and desorption of photo-products from icy molecules on grain mantles. This paper aims to experimentally investigate the contribution of ion desorption from methanol ice stimulated by soft X-rays for producing chemically active ions in protoplanetary discs. The measurements were carried out at the Brazilian synchrotron light source (LNLS), using X-ray photons at the methanol O1s resonance energy (537 eV). Some possible pathways for the H − and O − formation from singly charged desorbed ions are suggested. The photodesorption yields for positive and negative ions were determined and compared with previous results obtained using different ionization agents, such as electrons, heavy ions and photons at different energies. We also correlate our results to the ion production in protoplanetary discs.
example, at 537 eV (O1s resonance) and at 292 eV (C1s resonance) may produce instabilities on the molecular structure leading to peculiar dissociation pathways, while energetic heavy ions produce ice sputtering and favours cluster formation. The molecules and ions formed and desorbed into the gas phase, as well as the complex molecules formed from these species, will depend on the interaction of charged particles and radiation field in the considered region. To predict the chemical evolution and to quantify the complex organic molecules incorporated into grains or desorbed into the gas phase, it is necessary to establish the main formation route, which can be tested in laboratories. In this way, the study of the effects of different ionization agents on the ices becomes crucial.
The enhanced abundance of methanol in the gas phase in dense and cold clouds has been taken as evidence that the methanol is released from grains by non-thermal desorption through photon-or cosmic-ray-induced processes (Öberg, Bottinelli & van Dishoeck 2009a; Öberg, van Dishoeck & Linnartz 2009b) . Moreover, Garrod, Wakelam & Herbst (2007) proposed a third possible non-thermal desorption mechanism: desorption due to release of chemical energy during molecule formation.
The difficulties in combining grain surface processes with gasphase chemical models are well known (Herbst & Shematovich 2003) . Thus, simplifications and assumptions must inevitably be made. The validity of these assumptions can only be assured by developing a thorough understanding of the physicochemical processes occurring in the grain mantle. The laboratory experimentation can supply such an understanding (Green et al. 2009) .
Observations have shown that many T Tauri stars emit a large amount of X-ray photons (Feigelson & Montmerle 1999) that are able to penetrate into its protoplanetary discs. Najita, Bergin & Ullom (2001) analyzed the X-ray desorption of molecules from grains in protoplanetary discs. They discussed that grain heating by X-rays may also be a significant source of molecular desorption at the top layers of planetary disc. Aikawa & Herbst (1999) calculated the distribution and abundances for various molecules in protoplanetary discs taking into account adsorption, chemical reaction and non-thermal desorption (due to X-rays and cosmic rays) mechanisms. They also discussed that the abundances of most molecules are higher due to the efficient X-ray ionization, which leads to more ions and more ion-molecule reactions.
When grains are processed by soft X-ray photons, the inner-shell electrons of condensed molecules can be promoted to an excited state or to the continuum, creating a core hole (a hole in an orbital of the atom) in the molecule. If the atomic number of the involved atom is below ∼30, the Auger decay has probability ∼1. In the Auger process, an electron will fill the core hole and another electron, the Auger electron, will be ejected. On the other hand, if the atomic number is above 30 the X-ray fluorescence process can occur with high probability (Jenkins 1999) . For molecules such as methanol, the probability of fluorescence vanishes and the Auger decay is dominant. The deposited energy into the system is enough to produce resonant core level transitions, resulting mainly in bond scission at the site of excitation. Pilling et al. (2007b) experimentally studied the photoionization and photodissociation processes of methanol in the gas phase employing soft X-ray photons (100-310 eV). Moreover, Azuma et al. (2005) have investigated the state-selective dissociation processes of the O1s core-excited methanol and deuterated methanol. In both cases, only ionic fragments were studied.
However, there is a general lack of quantitative data on X-rayinduced ionic desorption from ices. Furthermore, the desorption rates are critical parameters for modelling the chemistry of interstellar clouds.
In this paper, we have investigated ion desorption from methanol ice stimulated by soft X-rays at 537 eV. The photodesorption yields were estimated and compared with previous results obtained using different ionizing agents, such as heavy ions, electrons and photons. In this context, we also discuss the ion production in protoplanetary discs.
E X P E R I M E N TA L
Ion photodesorption experiments on the icy methanol surface were carried out at the Brazilian synchrotron light source (LNLS), using photons from the spherical grating monochromator beam line at the methanol O1s resonance energy (537 eV). The electron storage ring was operated in the single-bunch mode, whose characteristics were a period of 311 ns and a bunch width of 60 ps.
The nature of the acceleration process confines the stored electrons to discrete bunches 2.1 ns apart, the bunches themselves being around 60 ps in width. This results in the light output from each beam line having a short pulsed structure, which characterizes the multibunch mode of operation of the storage ring. Most experiments are not sensitive to these short periods, and for them the source will appear continuous. In the single-bunch mode only one bunch is filled. The source then appears as a 60 ps light pulse, which repeats each 311 ns.
The experimental setup includes a sample manipulator and a time-of-flight mass spectrometer (TOF-MS) housed in an UHV chamber with a base pressure of about 10 −9 Torr. The TOF-MS consists basically of an electrostatic ion extraction system, a drift tube and a pair of microchannel plate (MCP) detectors, disposed in the Chevron configuration. After extraction, positive (or negative) ions travel through three metallic grids (each with a nominal transmission of ∼90 per cent), before reaching the MCP. The output signal of the detector was processed by a standard pulse counting system and used to provide the stop signal to the time-to-digital converter (TDC). The potentials were chosen such that ion optic simulations performed using the SIMION program, even assuming ions with up to 10 eV initial kinetic energy and initial angular spread of up to 90
• , resulted in a collection efficiency of 100 per cent. A 1/148 divider was used to take the synchrotron radiation (SR) pulse timing from the 476.066 MHz frequency signal from the microwave cavity of the storage ring, which was used as trigger of the experiment and also used as the start signal for the TDC.
The methanol molecules were condensed, in its pristine form, on an Au thin film at 55 K mounted on a helium cryostat. A thermocouple was used to determine the icy sample temperature during all measurements. The ice thickness was in the μm range (Andrade et al. 2009 ). The sample was purchased commercially from Sigma-Aldrich with purity greater than 99.8 per cent, which was further degassed through several freeze-pump-thaw cycles before admitting the vapour into the chamber.
The X-ray photons interact with the sample inducing core excitation/ionization, dissociation and desorption. The ionized fragments desorbed from the surface are accelerated by an electric field, mass discriminated inside a zero-electric field drift tube and detected by the two microchannel plate detectors. The TOF of a specific ion is given by its position in the spectrum plus an integer multiple of the SR pulse interval (311 ns) corresponding to the number of cycles that has passed from the desorption of the ion to its detection. The mass resolution was limited by two factors: the resolution of the TOF spectrometer and the time resolution of the TDC (250 ps ch −1 ). The measured full width at half-maximum (FWHM) for the SR signal and for H + was about 250 ps and 1.3 ns, respectively. The typical FWHM found for other ionic species was 5 < FWHM < 20 ns.
In order to determine the photodesorption yield (Y) for the ions from condensed methanol, we have obtained the area of each peak. Y i is the number of ions desorbed per incident photon for each ion i (equation 1) and it was determined by dividing the peak area (A) by the number of bunches (N b ) and by the number of photons per bunch (n ph ):
At the single-bunch mode, the number of photons incident on a surface of 2 mm 2 during 60 ps (duration of the pulse) is about 1550 photons bunch −1 , which corresponds to a photon flux of 5 × 10 11 photons s −1 cm −2 . The errors associated with yield measurements depend on peak position. For single peaks, the error is around 10 per cent. For blended peaks, the estimated errors are as high as 35 per cent.
R E S U LT S A N D D I S C U S S I O N

Ion desorption
The positive (a) and negative (b) ionic fragmentation patterns of CH 3 OH ice (at 55 K) due to the interaction of soft X-ray photons at 537 eV energy (oxygen 1s resonance) are presented in Fig. 1 . The two sharp peaks observed at each extremity of both spectra are due to scattered photons. These peaks occur at every 311 ns, starting at 125 ns for this particular setup.
The more intense positive peak is related to m/q = 14 (CH 2 + or CO ++ ), followed by H + . CH 3 + species is also formed, but with very low intensity, while CH + is not seen. The fragments released due to the C−O bond rupture (e.g. CH 3 + , CH 2 + , OH + ) represent an important route of photodissociation, for example the CH 3 + + OH (and CH 3 + OH + ) and CH 2 + + H 2 O product routes. Pilling et al. (2007b) have presented several pathways from single ionization by soft X-ray photons in gas-phase methanol.
The TOF peak at 176 ns is an intense and broad feature, which may correspond to the convolution of the C 2 + , H 3 + and OH + ions. Therefore, we could not estimate the intensity of these ions accurately.
M/q = 16 (CH 4 + or O + ) is intense. CH 4 (only neutral form) was observed in the infrared spectroscopy study of pure methanol at 10 K irradiated by 3 keV He + and 5 keV electrons (Palumbo, Castorina & Strazzulla 1999; Bennett et al. 2007 ). However, experiments simulating cosmic rays (energetic heavy ions at ∼65 MeV) impacting at icy methanol at 55 K showed that M/q = 16 is due mainly to O + (Andrade et al. 2009 ). Thus, it is suggested that M/q = 16 is also due to O + . The H i + (1 ≤ i ≤ 3) series was also observed for methanol at 55 K bombarded by energetic heavy ions; their intensities decreased as the mass was increased (Andrade et al. 2009 ). Here, this series is seen, but H 3 + is blended with possible OH + and/or C 2 + contributions, being impossible to separate them. The HCO + (or COH + ) and CH 2 OH + species are also present. These ions, together with H + and CH 2 + , were the most produced ions in the gas-phase results by X-ray photons at 292 eV (C1s edge) energy (Pilling et al. 2007a) . In contrast to comparable gas-phase studies, CH 3 OH + is not detected in the present work. This implies that either CH 3 OH + is less stable in the ice phase compared to in the gas phase or that CH 3 OH + is produced in the ice but lacks sufficient energy to desorb and thus escapes detection.
The formyl radical (HCO, m/q = 29) and the hydroxymethyl (CH 2 OH, m/q = 31) have been observed in infrared spectrometry of methanol irradiated by 5 keV electrons (Bennett et al. 2007) , which are in agreement with previous studies (Jacox 1981; Gerakines et al. 1996 , Hudson & Moore 2000 .
Ionized formaldehyde, H 2 CO + , could also be identified and is intense in our positive ion spectrum. This species has also been identified by other authors, in neutral form, using Fourier transform infrared spectroscopy (FTIR; Gerakines et al. 1996 , Hudson & Moore 2000 Bennett et al. 2007 ). Palumbo et al. (1999) also observed a band at 1720 cm −1 , after ion irradiation with 3 keV helium ions in pure methanol, but admitted that there could be other species, such as acetone, contributing to this feature. Acetone was not found in our spectra.
Another species identified in our spectrum ( Fig. 1) was the hydronium, H 3 O + . On the other hand, water can be present, but it overlaps with CO 2 + and C + at the TOF ∼ 228 ns. H 2 O + has been found in gaseous methanol at 292 eV photon energy (Pilling et al. 2007b) , but H 3 O + was absent in their experiments. Similarly to our results, Hempelmann et al. (1999) also found H 2 + , H 3 + and H 2 O + species. Accordingly to them, the presence of these species from gaseous methanol is not limited to a special resonance but is visible over the whole spectrum at the oxygen K-edge. While the formation of H 2 + and H 3 + is understandable in terms of the fragmentation of the CH 3 group, the production of H 2 O + is surprising especially because the two hydrogen atoms are bound on opposite sides of the methanol molecule (Hempelmann et al. 1999) .
Formation of H 2 O
+ is observed for alcohols with number of carbon atoms higher than one, because one H atom from a CH x group can come to a short enough distance for a direct combination reaction to take place. However, in methanol such direct combination between the OH group and an H atom bound to the C atom cannot be observed for steric reasons. Accordingly to Hempelmann et al. (1999) , a possible explanation can be that, due to hydrogen mobility, some rearrangement reactions take place leading to H 2 + , H 3 + and H 2 O + . Such rearrangement ions (H 2 + , H 3 + ) have already been observed in the fragmentation of CH 3 NH (Thissen et al. 1991) and CH 3 Cl (Thissen, Simon & Hubin-Franskin 1994) . Palumbo et al. (1999) cluster series were also observed for methanol bombarded by energetic heavy ions simulating cosmic rays effects (Andrade et al. 2009 ). Weak CH 3 OH + , intense (CH 3 OH) m H + (with 1 ≤ m ≤ 9) and several other clusters with m/q up to ∼300 were also measured by Andrade et al. (2009) .
Weak C ++ and O ++ are detected, and CO ++ cannot be excluded since the peak overlaps with CH 2 + , which is predicted to be a more abundant product. In general, the yields of doubly charged species are expected to be low, since fast neutralization processes compete efficiently with ion desorption (Ramsier & Yates 1991) . There are however previous examples in the literature of desorption of multiply charged species from surfaces following photoexcitation. C ++ was detected from condensed formic acid photoexcited around the O1s edge (Andrade et al. 2009 ) and from condensed methanol photoexcited around the C1s edge (Stolte et al. 2002) . C ++ and O ++ were detected from condensed formic acid exposed to 252 Cf fission fragments, simulating cosmic rays (Andrade et al. 2008 ). In addition, multiple charged ions were also easily observed in photofragmentation studies of polymers and condensed molecules excited at deep core levels (Baba, Yoshii & Sasaki 1997; Rocco et al. 2004; Rocco, Sekiguchi & Baba 2006 . S ++ desorption was observed in the photon stimulated ion desorption (PSID) studies from poly(3-methylthiophene) (PMeT) using SR at the sulphur 1s edge (Rocco et al. 2004 ) and in PSID studies of condensed thiophene (Rocco et al. 2006 ) and thiolane (Rocco et al. 2007 ). The H 3 CO 2 + /H 2 COH 2 + ions were found in the TOF spectrum of methanol in the gas phase at the O1s edge by Hempelmann et al. (1999) .
Our negative PSID spectrum shows only the O − and H − ions. OH − is not seen. Kuhn et al. (1988) have studied electron attachment of methanol by means of mass spectrometric detection of negative ions as a function of incident electron energy (0-20 eV). They have found the formation of O − (more intense fragment), OH − and CH 3 O − . The fragmentation pattern of the positive ions is clearly more pronounced than that of the negative ions, showing that positive ions are more easily formed than the negative one. Similar results were found for formic acid ice at 55 K bombarded by 535.1 eV photons (Andrade et al. 2009 ). Ionic desorption following core level photoexcitation from condensed systems can be well understood taking into account the Auger-stimulated ion desorption (ASID) and the X-ray-induced electron-stimulated desorption (XESD) mechanisms. Since core electrons are generally localized, the relaxation process through the Auger mechanism, which dominates for light elements, will produce positive holes in valence orbitals, and as a consequence ionic species will desorb due to strong coulombic (Knotek 1984) , i.e. the so-called ASID mechanism. If ion desorption is produced indirectly, by means of outgoing energetic Auger electrons, photoelectrons and secondary electrons (XESD), due to valence excitations and ionizations, the chemical selectivity will be lost and the ion yield curves will mimic the photoabsorption spectrum (Jaeger Stöhr & Kendelewicz 1983) . These mechanisms are responsible for the higher positive ion yields observed in ion desorption experiments. Some possible pathways for the O − and H − formation from singly charged desorbed ions, which were observed in the positive ion spectra, are suggested in Table 1 . For the reaction pathways only the detected positive ions were taken into account and other mechanisms, such as electron capture, were not considered in our discussion.
We believe that the suggested reactions contribute most at the O1s edge. The OH species has low intensity in the positive spectra and is absent in the negative spectra suggesting that the OH species is released mainly in the neutral form or CH 3 OH breaks giving H and O ions rather than OH cations and anions. The latter suggestion appears favourable, since O + , O − and H − yields are intense. The creation of the anionic OH fragment, from gaseous methanol, via resonant excitation at the carbon 1s edge and its complete absence near the oxygen 1s edge was reported by Stolte et al. (2002) .
Examining the cation yields in Table 1 we suggest that the (1)-(3) equations are strong candidates for H − and O − formation at the O1s excitation energy. Moreover, taking into account that C + and CH 3 + ions show low abundance, the O − and H − formation from the (8)-(12) reactions seems to be less favourable.
Comparison of ions production due to photons, electrons and ions interaction
This paper presents the photofragmentation of condensed methanol at 55 K produced by soft X-rays and compares the normalized partial ion yields of the fragments with those produced by 70 eV electrons (gas phase), photons at 292 eV (gas phase) and heavy ions with energy ∼65 MeV (ice). Fig. 2 shows a comparison between normalized partial ion yield of the main positive fragments and that of the literature. In all cases, the ion yields were normalized by the total ion yield. This figure suggests that the fragments released from 292 eV photons and 70 eV electrons interacting with gas-phase methanol are mainly caused by C-H bond rupture, since the COH + n group (1 ≤ n ≤ 4) yields are higher at these energies. On contrary, 537 eV photons on icy methanol tend to provide fragments due to C−O and O−H bond rupture, since CH 2 + , O + , H + and H 3 + are the most intense fragments. Moreover, the negative spectra obtained at Comparison between positive ion yields for methanol using heavy ions at ∼65 MeV (PDMS) and soft X-ray photons (537 eV) on ice and electron impact (70 eV) and soft X-ray photons (292 eV) in the gas phase.
eV present only intense O
− and H − . With photons at 537 eV, the positive yields for CH 3 OH + vanish, suggesting higher degree of dissociation promoted by energetic photons at the O1s edge on surfaces. Photons at 537 eV and electrons at 70 eV are not efficient to produce OH + . For energetic heavy ions, the desorbed species are mainly methanol clusters, which can be (CH 3 OH) m CH 3 OH 2 + with 0 ≤ m ≤ 8 and (CH 3 OH) n HCO + with 0 ≤ n ≤ 7, among others of lower intensity (Andrade et al. 2009 ). The comparison among the different techniques discussed in this paper indicates that the highenergy ion impact on icy methanol produces a higher ionic variety than that due to X-ray photons and low-energy electrons interaction. All these varieties of ions suggest that cosmic rays and higher energy solar wind particles, despite its reduced flux in comparison to other lower energy particles, may have an important role in the synthesis of pre-biotic molecules. Fig. 3 compares the number of formed ion per impact in both cases, by energetic heavy ions (simulating cosmic rays) and by soft X-rays at 537 eV. For the energetic heavy ions, the number of ions desorbed is up to three to four orders of magnitude higher than by X-ray photons.
It is known that in environments such as molecular clouds, although the flux of heavy ions (e.g. Fe, Ni, Si, Mg,) is about three to four orders of magnitude lower than the proton flux (Roberts et al. 2007; Mennella et al. 2003 ) and orders of magnitude lower than the photon flux, their effects play an important role on interstellar grains, since they can deposit about 100 times more energy than the light ions (He + and protons) inside the grains. Brown et al. (1984) have used proton and high-energy He + and found that the sputtering yields scale with the square of the electronic stopping power. Seperuelo Duarte et al. (2009) have proved that this square law extends its validity up to values of electronic stopping power, such as those induced by swift heavy ions. Here, we show that the energetic heavy ion interaction induces desorption of three to four orders of magnitude higher than that induced by X-ray photons. Consequently, the amount of species released per impact to the gas phase by cosmic rays could be three to four orders of magnitude higher than those by protons or photons. Moreover, energetic heavy ion impact also leads to the desorption of several cluster series (m/z > 33), which are formed by (CH 3 OH) n R + , where Y can be CH 3 OH 2
, among others (Andrade et al. 2009 ). This suggests that the methanol is desorbed intact, surviving the impact of the high-energy ions. In this way, methanol can be encountered free to react with other fragments, thereby forming more complex molecules. This does not happen in the case of photon impact, which presents a spectrum rich on low m/q species.
The methanol fragmentation yields are listed in Table 2 , where Y PP is the photodesorption yields of positive ions, Y NP is the photodesorption yield of negative ions produced by soft X-ray and Y is the desorption yields stimulated by heavy ions. We can verify that Y PP or Y NP values are around (10 −9 ) ions per X-ray photon, which is orders of magnitude smaller than Y (10 −4 ) ions per heavy ion impact.
X-ray photon flux and the production of ions in protoplanetary discs
A protoplanetary disc is a rotating disc of dust and gas that surrounds a very young star and represents the early stages of planetary system formation. The magnetic activity of young star is able to generate substantially high X-ray emission (Feigelson & Montmerle 1999) . Moreover, the disc material accreting on to the stellar surface creates hotspots that generate huge amounts of energetic photons (Gorti, Dullemond & Hollenbach 2009) .
Space telescopes (e.g. ROSAT, Chandra and XMM-Newton) have measured high and intense X-ray fluxes from young stars, typically three orders of magnitude higher than for main-sequence stars (Gorti et al. 2009 ).
TW Hya is the closest (56 pc) known young T Tauri star (age 4 to 10 Myr; Webb et al. 1999 ) and has a massive, face-on optically thick disc. Kastner et al. (2002) showed that most or all of the X-ray luminosity of this star is derived from accretion, rather than from coronal activity. Recently, Najita et al. (2010) have reported the results obtained from the infrared spectrograph onboard Spitzer space telescope. They have shown that TW Hya has a rich spectrum of emission of molecules and atomic ions (Ne II and Ne III) that result from K-shell photoionization of neutral neon by X-rays. Moreover, they have suggested that a planet was possibly formed in the inner region of the disc (<5 au).
The X-ray luminosity for the TW Hya (L X ), integrated from 0.2 to 2 keV, is 2 × 10 30 erg s −1 (Kastner et al. 2002) and the photon flux F X (photons cm −2 s −1 ) at specific energy (E = hν) can be obtained by
where r = (R 2 + z 2 ) 1/2 (cm) is the distance from a point in the disc to the star (R is the distance from the star to disc and z is the height from the mid-plane; Gorti & Hollenback 2004) and τ is the X-ray optical depth given by
where σ ab (E) is the absorption cross-section as a function of the photon energy E and N H is the hydrogen column density obtained by the product of the number density (n H ) and the distance from the central star. We assumed that τ = 1 using the σ ab (E) per H atom given by Gorti & Hollenback (2004) model and N H ∼ 10 21 cm −2 . Therefore, in the distances range from 10 to 70 au the n H varies from 6.6 × 10 6 to 0.95 × 10 6 cm −3 . The ion flux (ions cm −2 s −1 ) can be estimated by
where Y i is the photodesorption yield (ions photon −1 ) determined from equation (1).
In Fig. 4 , we have plotted the photon flux (at 537 eV) in TW Hya and the ion flux desorbed from the methanol ice as a function of the distance (10 to 70 au) of the central star. The most abundant ion is the CH time dependence in raising abundances, for instance in 1 × 10 6 yr the amount of desorbed HCO + (formyl ion) will achieve 1.1 × 10 13 ions cm −2 . On the other hand, we have to take into account that the ion production rate R ion (cm −3 s −1 ) from grain surface desorption should depend on the amount of grains n gr (cm −3 ), their surface crosssection σ gr (cm 2 ), the ion flux f ion and the fraction X of the surface that is covered by methanol. This fraction could range from zero to unity. Therefore, we can write
σ gr is equal to πa 2 , where a is the radius of the dust particles. Assuming that n gr ∼ 10 4 cm −3 [using the gas-to-grain ratio of about 100 (Gorti et al. 2009 ) and n H ∼ 10 6 cm −3 ], a = 0.1 μm and X = 1 (the surface is totally covered by methanol) and X = 0.3 (70 per cent of the surface is covered by water ice), the R HCO + will be approximately 1 × 10 −6 and 3 × 10 −7 cm −3 s −1 , respectively. The column density N HCO + at 40 au, integrated over 1 × 10 6 yr, will be about 2 × 10 16 and 6 × 10 15 cm −2 for X = 1 and 0.3, respectively.
Formyl ion can also be formed due to the reaction such as H + 3 + CO → HCO + + H 2 , which has a reaction rate R = 1.7 × 10 −9 cm −3 s −1 (Savage & Ziurys 2004) . However, HCO + can be destroyed through reactions for forming new molecules or by dissociative recombination HCO + + e − → CO + H. Qi et al. (2008) determined radial distribution of molecular column densities for TW Hya disc and they suggested a value of about 6.8 × 10 13 cm −2 for the HCO + column density at 40 au. We suggest that the X-ray photodesorption may contribute to the ion abundance in these regions.
By now, CH 3 OH or larger organic molecules have so far not been detected in protoplanetary discs. CH 3 OH ice has only been detected towards protostars that have sizes and masses orders of magnitude C 2010 The Authors. Journal compilation C 2010 RAS, MNRAS 409, 1289-1296 larger than discs. These molecules could be frozen on grain surface in the cool and dense mid-plane of the disc. In this region, the photodesorption processes are important to prevent total freeze out, slightly enhancing the gas-phase methanol abundance. Therefore, gas-phase CH 3 OH can be easily photo-destroyed due to UV and X-ray irradiation from the central star. In the case of TW Hya, the X-ray flux (537 eV) at 10 au is ∼10 10 photons cm −2 s −1
and at 70 au is 2 × 10 8 photons cm −2 s −1 (Fig. 4) . The destruction rate in specific photon energy can be written by
where σ ph-d (E) (cm 2 ) is the photodissociation cross-section and F(E) is the photon flux (photons cm −2 s −1 ) both as a function of energy. The half-life may be obtained from equation (6) by writing
which does not depend on the molecular number density (BoechatRoberty et al. 2009 ). Considering that the photodissociation crosssection at 537 eV for the gaseous methanol is of the same order of magnitude of the photoabsorption cross-section, about 1.5 × 10 −18 cm 2 (Ishii & Hitchcook 1988) , we obtain that methanol molecules survive 6.2 yr at 10 au and 307.9 yr at 70 au. In conclusion, Xrays are efficient to destroy the gaseous molecules as well as frozen molecules, producing many ionic species.
C O N C L U S I O N S
The abundance of organic molecules in protoplanetary discs depends not only on the rates of formation and destruction but also on the rates of adsorption and desorption from the surface of grains. However, there is a lack of experimentally determined photodesorption yields for most astrochemically active ions.
The aim of this paper was to experimentally study the ionization, dissociation and ion desorption processes induced by photons on the simplest alcohol, CH 3 OH, as part of a systematic experimental study of condensed (ice phase) pre-biotic molecules. We have employed soft X-ray photons (537 eV) to simulate the effects of stellar radiation field on the astrophysics ices and to compare with ion production by cosmic rays and electrons. Several ionic fragments have been identified and their desorption rate per impact were determined, providing data to astrochemistry models. This study helped to understand how some precursor species are formed qualitatively and quantitatively by determining their photodesorption ion yields, pointing out to the important role of ionic species in the evolution of molecular abundance and complexity of several astrophysics environments.
